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Abstract
In the last few years, the ratios RD(∗) and of RK(∗) have reportedly exhibited significant
deviations from the relevant Standard Model predictions, hinting towards a possible vi-
olation of Lepton Flavor Universality and a window to New Physics. We investigate to
what extent the inclusion of R-parity violating couplings in the Minimal Supersymemtric
Standard Model can provide a better fit to the anomalies simultaneously. We perform this
analysis employing an approximate, non-abelian Gf = U(2)q × U(2)` flavour symmetry,
which features a natural explanation of the appropriate hierarchy of the R-parity violat-
ing couplings. We show that, under the requirement of a supersymmetric spectrum with
much heavier left-handed doublet superpartners, our assumption favors a considerable
enhancement in the tree-level charged-current B → D(∗)τν, while the anomalies induced
by b→ s`+`− receive up to an approximate 30% improvement. The consistency with all
relevant low-energy constraints is assessed.
∗trifinos@physik.uzh.ch
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1 Introduction
While exploring the limits of the Standard Model (SM), many experiments have spent decades
looking for processes that do not respect Lepton Flavor Universality (LFU). Until 2014 this
fundamental SM feature stood rather steady, but since then several B-physics experiments,
started reporting results which conflict with it, to the surprise and excitement of the community.
These results are encoded by ratios of branching ratios involving rare b decays and different
lepton flavors.
1. For the case of the charged-current interactions, we define:
RD∗ =
B(B → D∗τν)
B(B → D∗`ν) , (1)
RD =
B(B → Dτν)
B(B → D`ν) , (2)
where ` = e, µ for BaBar and Belle, while ` = µ for LHCb.
The experimental world averages of Babar [1], Belle [2], and LHCb data [3] from the
Heavy Flavor Averaging Group [4] read
RexpD∗ = 0.310± 0.015± 0.008, RexpD = 0.403± 0.040± 0.024, (3)
to be compared with the theory predictions [5] [6]
RSMD∗ = 0.257± 0.003, RSMD = 0.299± 0.003. (4)
2. For the case of the flavor-changing neutral-current (FCNC) interactions, we define:
RK∗ =
B(B → K∗µµ)
B(B → K∗ee¯) , (5)
RK =
B(B → Kµµ)
B(B → Kee¯) . (6)
The LHCb Collaboration measured these rations in the di-lepton invariant mass bin
q2 ∈ [1, 6] GeV and found [7] [8]
RexpK∗ |q2∈[1.1,6] GeV = 0.685+0.113−0.069 ± 0.047, RexpK = 0.745+0.090−0.074 ± 0.036. (7)
The SM expectation value are with percent level accuracy [9]
RSMK∗
∣∣
q2∈[1.1,6] GeV = R
SM
K = 1.00± 0.01. (8)
In the lower q2 ∈ [0.045, 1.1] GeV bin, the experimental value for RK∗ [8] is
RexpK∗ |q2∈[0.045,1.1] GeV = 0.660+0.110−0.070 ± 0.024, (9)
but the theory prediction is more delicate due to threshold effects and implies larger
theoretical uncertainities [9]
RSMK∗
∣∣
q2∈[0.045,1.1] GeV = 0.906± 0.028. (10)
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The statistical significance of each anomaly does not exceed the 3σ level, but the overall set
is very consistent and the pattern of deviations intriguing. Our analysis will be solely focused
on the above mentioned LFU ratios; nevertheless, it is worth mentioning briefly the existence
of additional data that exhibit tensions with the SM predictions. In particular, the most
notable is a deviation of about 3σ reported [10] [11] on the so-called P ′5 differential observable
of B → K∗µµ decays. Even though, given the non-negligible SM uncertainties [12], the P ′5
anomaly is also not an individually definite NP signal, it has been pointed out that it has
a common model-independent solution with the RK(∗) anomaly, namely the modification of
a single amplitude, the one induced by the semi-leptonic di-muon vector and axial operators
[13–15].
While the charged-current decays occur at tree-level, the FCNC decays appear at loop level
in the SM, rendering a simultaneous explanation of both anomalies a notoriously difficult theo-
retical endeavor even in the most general Effective Field Theory (EFT) scenarios without some
degree of fine-tuning (see e.g. [16–29] for model-independent studies and [30–73] for attempts
to cast specific NP models). Moreover, one observes, that the charged-current anomalies require
an enhancement in the decay channel that involves the third generation SM fermions, i.e. b and
τ , while, as already mentioned, the b→ s`¯` anomalies are resolved by assuming purely muonic
NP effects.
The above motivate NP scenarios in which the third generation SM fermions is to be treated
specially. On the one hand, the special role of the third generation in the radiative corrections of
the Higgs boson self-energy and thus the famous problem of naturalness, is evocative of theories
that have traditionally addressed this problem, such as Supersymmetry (SUSY)1. However, it
can be easily checked [79] that the R-parity conserving Minimal Supersymmetric Standard
Model (MSSM) introduces amplitudes which are orders of magnitude smaller than the ones
required to accommodate the one-loop level anomalies, let alone the tree-level ones. The study
of the phenomenology of R-parity violating (RPV) interactions has shown instead that either
the charged-current or the FCNC anomalies can be individually resolved [61–65], but a united
solution which accomodates all other relevant low-energy bounds is impossible.
On the other hand, from a flavour point of view, a non-Abelian, U(2)q × U(2)` flavour
symmetry, acting on the light generations of SM fermions, is one of the most interesting pro-
posals [80]. Complemented with the dynamical assumption, that the NP sector is coupled
preferentially to third generation, this setup can give a consistent picture for all low-energy
flavour observables not only at Effective Field Theroy (EFT) level [67–70] but also in UV com-
plete models, in which U(2)q × U(2)` flavour symmetry appears as a subgroup of a greater
gauge sector and emerges at low energies [71] [72]. Interestingly enough, the U(2) symmetries
were initially proposed in the context of Supersymmetry [80] [81] in order to solve the ‘flavour’
problem of the MSSM, i.e. the abundance of new parameters introduced at the explicit soft
SUSY breaking sector and their conspicuous ‘near-CKM’ alignment that avoids unacceptably
large flavor-changing and CP-violating effects.
By invoking an appropriate flavour symmetry, it is possible to link the RPV sector to the
origin of masses and mixings, while naturally suppressing the RPV couplings within the experi-
mental bounds [82]. In the current work, we employ the U(2)q×U(2)` flavour symmetry to give
1Since direct searches at LHC has been unfruitful so far [74], a ‘vanilla’ MSSM scenario with no fine-tuning
is completely ruled out [75]. Extra structure beyond the MSSM field content could prove to be viable model
building direction [76–78].
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a natural justification to the phenomenologically preferable hierarchy of the RPV couplings.
Unlike all previous studies in this framework, we have also taken into account the leptonic cur-
rent that can be generated by the RPV interactions, besides the usual leptoquark-like current,
and how it could affect the relevant amplitudes. A final fit within the natural region of the
parameter space reveals certain implications for the SUSY spectrum.
The paper is organised as follows. In Section 2 we review the RPV sector and the U(2)q ×
U(2)` flavour symmetry. We suggest a suitable symmetry breaking pattern and rewrite the
RPV couplings with the help of the resulting spurions. Subsequently, in Section 3 we examine
the relevant latest, low-energy constraints and in Section 4 we perform a χ2-fit of the anoma-
lies including those constraints. Finally, the discussion of the results is summarized in the
Conclusions.
2 R-parity violating interactions under the U(2)q × U(2)`
flavour symmetry
The most general renormalizable, R-parity odd superpotential consistent with the gauge sym-
metry and field content of the MSSM is [83]
WRPV = µiHuLi +
1
2
λijkLiLjE
c
k + λ
′
ijkLiQjD
c
k +
1
2
λ′′ijkU
c
i U
c
jD
c
k, (11)
where there is a summation over the generation indices i, j, k = 1, 2, 3, and summation over
gauge indices is understood. One has for example, LiLjE
c
k =
(
abL
a
iL
b
j
)
Eck = (NiEj − EiNj)Eck,
where a, b = 1, 2 are SU(2)L indices.
Gauge invariance enforces antisymmetry of the λijk couplings with respect to their first two
indices,
λijk = −λjik. (12)
Gauge invariance also enforces antisymmetry of the λ′′ijk couplings with respect to their last two
indices,
λ′′ijk = −λ′′ikj. (13)
Eq. (11) involves 48 parameters: 3 dimensionful parameters µi mixing the charged lepton and
down-type Higgs superfields, and 45 dimensionless Yukawa-type couplings divided into 9 λijk
and 27 λ′ijk couplings which break lepton-number conservation, and 9 λ
′′
ijk couplings which break
baryon-number conservation. For the sake of simplicity, we shall assume that these couplings
are real numbers.
The standard motivation for R-parity is that it leads to conserved baryon number and thus
ensures proton stability. Nevertheless, according to modern theoretical developments [84], if
the MSSM is an effective theory, rapid proton decay can also be induced by higher-dimensional,
non-renormalizable operators suppressed by a scale lower than 10 TeV. Consequently, one needs
to impose a stand-alone baryon-number conservation symmetry rather than R-parity. In this
case, the trilinear terms controlled by the couplings λ and λ′ can be present, while λ′′ = 0.
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Regarding the leptonic terms with the coupling λ, they may seem at first irrelevant in the
context of the B-physics anomalies, but as we discuss in Section 3 they can contribute to the
b→ sll decays at one-loop level.
2.1 Tree-level four-fermion operators
Expanded in standard four-component Dirac notation, the trilinear interaction terms associated
with the λ and λ′ couplings of the RPV superpotential (11) read, respectively,
Lλ = −1
2
λijk
(
ν˜Li ¯`Rk`Lj + ˜`Lj ¯`RkνLi + ˜`
∗
Rkν¯
c
Ri`Lj − (i↔ j)
)
+ h.c. (14)
Lλ′ = −λ′ijk
(
ν˜Lid¯RkdLj + d˜Lj d¯RkνLi + d˜
∗
Rkν¯
c
RidLj − ˜`Lid¯RkuLj − u˜Lj d¯Rk`Li − d˜∗Rk ¯`cRiuLj
)
+ h.c.
(15)
Exchanging Sparticles, one obtains the following four-fermion operators at tree-level:
Leff =
λ′ijkλ
′∗
i′j′k
2m2
d˜kR
[
ν¯i
′
Lγ
µνiLd¯
j′
Lγµd
j
L +
¯`i′
Lγ
µ`iL(u¯LVCKM)
j′γµ(V
†
CKMuL)
j
− ν¯i′Lγµ`iLd¯j
′
Lγµ(V
†
CKMuL)
j − ¯`i′LγµνiL(u¯LVCKM)j
′
γµd
j
L
]
− λ
′
ijkλ
′∗
i′jk′
2m2
d˜jL
ν¯i
′
Lγ
µνiLd¯
k
Rγµd
k′
R −
λ′ijkλ
′∗
i′jk′
2m2
u˜jL
¯`i′
Lγ
µ`iLd¯
k
Rγµd
k′
R
− λ
′
ijkλ
′∗
ij′k′
2m2˜`i
L
(u¯LβVCKM)
j′γµ(V †CKMuLα)
j d¯kRαγµd
k′
Rβ −
λ′ijkλ
′∗
ij′k′
2m2
ν˜iL
d¯j
′
Lβγ
µdjLαd¯
k
Rαγµd
k′
Rβ. (16)
We can simplify the low-energy spectrum by assuming a large mass splitting between the light
third generation and the much heavier first two generations of Sfermions and Sleptons, which
can be considered as effectively not supersymmetrized. We note, that this simplification is
equally well-motivated in theory [84] [85]. In fact, most models of spontaneous SUSY breaking
predict a significantly lighter third generation at the electroweak scale due to the large RG
effects proportional to the top Yukawa coupling yt [86]. What is more, as recently shown [65],
one of the prominent attributes of SUSY, namely the gauge coupling unification is still preserved
despite the decoupling of the first two generations and even in presence of RPV interactions.
2.2 Flavour Structure
The flavour group we are considering is Gf = U(2)q × U(2)`, under which the superfields
transform as:
(Q1, Q2) ∼ (2, 1), Q3 ∼ (1, 1),
(U1, U2) ∼ (2, 1), U3 ∼ (1, 1),
(D1, D2) ∼ (2, 1), D3 ∼ (1, 1), (17)
(L1, L2) ∼ (1, 2), L3 ∼ (1, 1),
(E1, E2) ∼ (1, 2), E3 ∼ (1, 1).
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The Higgs fields Hu(d) are pure Gf singlets.
We introduce additional heavier ‘flavon’ fields, which are charged under the flavour symme-
try [81]; in particular a doublet φai , a triplet (a 2-index symmetric tensor) S
ab
i and a singlet (a
2-index antisymmetric tensor) Aabi , where i = q, `. The flavour groups U(2)i, are then broken
by the vacuum expectation values (VEVs) of these flavon fields, such that,
〈φai 〉 = M(0 i)T ,
〈
Sabi
〉
= M
(
0 0
0 iS
)
,
〈
Aabi
〉
= M′i
ab, (18)
where M is the cut-off of the effective theory.
A step-wise breaking is achieved, if we naturally assume  ′,
U(2)q × U(2)` q ,qS ,`,`S−−−−−−−→ U(1)q × U(1)`
′q ,′`−−→ nothing (19)
The mass matrices of the charged leptons and the down quarks assume the following form:
Ml =
 0 ′` 0−′` `S `
0 0 1
 yτvd, Md =
 0 ′q 0−′q qS q
0 0 1
 ybvd, (20)
where vd = v/
√
2 ' 174 GeV (where v is the SM VEV). Choosing q = qS ≈ ms/mb ' 0.025
and ′q ≈ q
√
md/ms ' 0.005, the usual quark mass hierarchy is successfully reproduced. In the
lepton sector, as it will become clear from the phenomenological analysis of Section 3, if one
hopes to generate any considerable contribution to the b→ s`¯` processes the effective coupling
to muons must remain unsuppressed. This translates into a strong breaking of U(2)` to U(1)`
by the doublet flavon VEV, i.e. ` = 1. The correct lepton mass matrix is then reproduced for
`S ' 0.06 and ′` ' 0.004.
The RPV bilinear and trilinear terms in the superpotential can be obtained by appropriately
contracting the superfields appearing in Eq. (11) with the flavons. The order of magnitude of
the RPV couplings is the governed by  and ′,
• λijk couplings:
(121), (131), (133) ∼ 0; (123), (132), (231) ∼ ′`; (232) ∼ `S; (122) ∼ `′`;
(233) ∼ `; (21)
• λ′ijk couplings:
(1jk)′, (211)′, (231)′, (213)′, (311)′, (331)′, (313)′ ∼ 0; (221)′, (212)′ ∼ `′q;
(321)′, (312)′ ∼ ′q; (222)′, (223)′, (232)′ ∼ `q;
(322)′, (323)′, (332)′ ∼ q; (233)′ ∼ `; (333)′ ∼ 1. (22)
Generic RPV couplings λijk (or λ
′
ijk) can then be decomposed as products of O(1) param-
eters cijk (or c
′
ijk) and the respective  and 
′ suppression factors.
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3 Constraints from low-energy observables
In this Section, we analyse the main experimental constraints on the RPV interactions. The
processes of interest are the ones that are affected by contributions of the O(1) couplings λ323,
λ′233 and λ
′
333 or at least by the -suppressed couplings λ
′
223, λ
′
232, λ
′
323 and λ
′
332. These include
the RD(∗) and RK(∗) ratios, the Bs − B¯s mixing, the B → K(∗)νν¯ and B → τ ν¯ decays, the
RGE effects in τ → `νν¯ and the Z coupling modification for the relevant λ′ couplings and
the τ → `νν¯ decays for the only relevant λ coupling. We have explicitly checked that further
processes that have been discussed in the bibliography, e.g. the decays B → piνν¯, B → ρνν¯,
B → Kτµ, B → Xs`+`−, B → Xsγ, B → τ ν¯, B → τ+τ−, D → τ ν¯, D → µ+µ−, τ → Kν,
τ → piν, τ → µγ and τ → 3µ, do not lead to any relevant constraints in our setup. Of course,
all processes involving only the first two generations do not receive any contributions at all.
3.1 B → D(∗)τ ν¯
Adding to the SM the RPV contribution generated by the respective operators in Eq. (16),
one obtains the effective Lagrangian describing b→ c semi-leptonic decays at tree-level,
L(b→ c`ν¯`) = −4GF√
2
Vcb(δii′ + ∆
c
ii′)
¯`i′
Lγ
µνiLc¯LγµbL, (23)
where
∆cii′ =
∑
j′=s,b
√
2
4GF
λ′i33λ
′
i′j′3
2m2
b˜R
Vcj′
Vcb
. (24)
The ratios (1)-(2) can then be easily written as:
rD(∗) =
RD(∗)
RSM
D(∗)
=
|1 + ∆c33|2 + |∆c23|2
1
2
(
1 + |1 + ∆c22|2 + |∆c32|2
) . (25)
From the above definition and the weighted average of the RD and RD∗ central values and
errors,
rexp
D(∗) = 1.227± 0.061, (26)
one observes that the enhancement of RD(∗) implies rather large λ
′
333 coupling and λ
′
323λ
′
333
coupling combination (which is also enhanced by Vcs/Vcb), while at the same time λ
′
233 and
λ′223λ
′
233 must be kept small.
3.2 B → K(∗)`¯`
Instead of using the ratios (5) and (6), we will instead regard the NP modification of the Wilson
Coefficients C9, C
′
9, C10 and C
′
10 defined as:
L(b→ s`¯`) = 4GF√
2
αe
4pi
VtbV
∗
tb
[
(C`9 + δC
`
9)
¯`i′γµ`is¯LγµbL + (C
`
10 + δC
`
10)
¯`i′γµγ5`
is¯LγµbL
+(C ′`9 + δC
′`
9)
¯`i′γµ`is¯RγµbR + (C
′`
10 + δC
′`
10)
¯`i′γµγ5`
is¯RγµbR
]
,
(27)
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Figure 1: The box diagram for b → sµ+µ− transitions with the combination of both leptonic
and leptoquark-like couplings.
In our framework, the operator µ¯i
′
Lγ
µµiLd¯
k
Rγµd
k′
R is generated at tree-level (see Eq. (16)) and
the operator µ¯i
′
Lγ
µµiLd¯
k
Lγµd
k′
L at one-loop level [64] and thus they give rise to the correlations
δCµ9 = −δCµ10 and δC ′µ9 = −δC ′µ10.
The analysis in [87] provides the best-fit values for different scenarios with NP in one indi-
vidual Wilson Coefficient at a time and the rest of them SM-like. The relevant results are
[δCµ9 ]exp = − [δCµ10]exp = −0.63± 0.17, (28)[
δC ′µ9
]
exp
= −0.05± 0.26, (29)[
δC ′µ10
]
exp
= −0.03± 0.24. (30)
In the following, the upper index µ is implied for the Wilson Coefficients.
Let us examine first the tree-level case,
δC ′9 = −δC ′µ10 =
pi
√
2
GFαe
1
VtbV ∗ts
λ′232λ
′
233
4m2
t˜L
. (31)
According to Eq. (22), we expect λ′232λ
′
233 ∼ 2`q ≈ 0.025 and hence δC ′9 ≈ (8×106 GeV2)/m2t˜L .
Unless we introduce a significant deviation from the flavour symmetry expectation for the order
of magnitude of λ′232λ
′
233, the left-handed Stop has to be very heavy m
2
t˜L
 10 TeV in order
to satisfy the experimental results in (29) and (30). We are choosing the latter and generalize
the result for all left-handed Sparticles. Indeed, we confirm later on that the limit of decoupled
left-handed Sparticles is favored in our context. We also note, that for this reason the solutions
of [64] and [66] for the R
(∗)
K anomaly are not applicable.
Next, the NP effect at one-loop level is
δCµ9 = −δCµ10 =
m2t
16piα
(λ′233)
2
m2
b˜R
− λ
′
i23λ
′
i33λ
′
2j3λ
′
2j3
64
√
2GFpiVtbV ∗tsαm2b˜R
− λ
′
i23λ
′
i33λ
′
2j3λ
′
2j3
64
√
2GFpiVtbV ∗tsα
log
(
m2
t˜L
/m2ν˜L
)
m2
t˜L
−m2ν˜L
− λ
′
323λ
′
333(λ323)
2
64
√
2GFpiVtbV ∗tsα
log
(
m2
b˜R
/m2τ˜R
)
m2
b˜R
−m2τ˜R
. (32)
The first term corresponds to box diagrams with a W boson and b˜R in the loop, the second to
box diagrams with two b˜R and the third to a box diagram with ν˜L and t˜L. The final term is
new in our analysis and arises from the diagram in Fig. 1. The first two terms are unable to
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explain the R
(∗)
K anomaly due to severe constraints from B → K(∗)νν¯ [63] and the third term
is suppressed in our framework due to very heavy left-handed Sparticle mediators. It is left
to see at what degree can the final term alleviate the tensions, once we have taken the rest of
the constraints into consideration, especially those that concern the leptonic currents (see Sec.
3.7).
3.3 B → K(∗)νν¯
We define the ratio:
RB→K(∗)νν¯ =
B(B → K(∗)νν¯)NP
B(B → K(∗)νν¯)SM . (33)
The relevant effective Lagrangian at tree-level reads
L(b→ sνν¯) = −4GF√
2
α
2pis2W
XtV
∗
tsVtb
(
δii′ +
χii′
XtV ∗tsVtb
)
ν¯i
′
Lγ
µνiLs¯LγµbL, (34)
where
χii′ = − pis
2
W√
2GFα
(
λ′i33λ
′
i′23
2m2
b˜R
)
, (35)
and Xt = 1.469 ± 0.017 is a SM loop function involving the top quark [88]. In principle, the
term −λ
′
ijkλ
′∗
i′jk′
2m2
d˜
j
L
ν¯i
′
Lγ
µνiLd¯
k
Rγµd
k′
R in Eq. (16) can also generate contributions to the decay, but
since we are considering the limit of decoupled left-handed Sparticles, they become irrelevant.
From to the above Equation, we get [63]
RB→K(∗)νν¯ =
∑
i=e,µ,τ
1
3
∣∣∣∣1 + χii′XtV ∗tsVtb
∣∣∣∣2 +∑
i 6=j
1
3
∣∣∣∣ χii′XtV ∗tsVtb
∣∣∣∣2 . (36)
At 95% confidence level, this ratio is strictly bounded from above [70]
RB→K(∗)νν¯ < 5.2 (37)
and consequently, the combinations λ′233λ
′
223, λ
′
323λ
′
333, λ
′
333λ
′
223 and λ
′
233λ
′
323 are strongly con-
strained.
3.4 B → τ ν¯
The B → τ ν¯ decay is induced by a b → u semi-leptonic transition. Analogously to Eq. (23),
we find
L(b→ u`ν¯`) = −4GF√
2
Vub(δii′ + ∆
u
ii′)
¯`i′
Lγ
µνiLu¯LγµbL, (38)
where
∆uii′ =
∑
j′=s,b
√
2
4GF
λ′i33λ
′
i′j′3
2m2
b˜R
Vuj′
Vub
. (39)
We build the ratio:
RB→τ ν¯ =
B(B → τ ν¯)NP
B(B → τ ν¯)SM = |1 + ∆
u
33|2 (40)
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and then the comparison of the SM prediction [65]
B(B → τ ν¯)SM = (0.947± 0.182)× 10−4 (41)
with the experimental average [4]
B(B → τ ν¯)exp = (1.06± 0.19)× 10−4 (42)
yields relevant bounds on λ′333 and λ
′
323λ
′
333.
3.5 Bs − B¯s mixing
The effective Hamiltonian relevant to ∆B = 2 processes is
L(∆B = 2) = −CV LL1i (b¯Lγµdi`)2 − CLR2i (b¯αRdiαL )(b¯βLdiβR ) + 2CLR1i (b¯αRdiβL )(b¯βLdiαR ), (43)
where we have used the notation of Eq. (2.1) in [89] and expressed the Wilson Coefficient of
the operator QLR1s , accordingly, by performing a Fierz transformation to the operator Q5 in the
so-called ‘SUSY basis’ [90]. This operator arises at tree-level by mediation of a left-handed
Sneutrino ν¯L, while the SM-like operator (b¯Lγ
µdi`)
2 and the operator (b¯αRd
iβ
L )(b¯
β
Ld
iα
R ) appear first
only at one-loop level by various box diagrams [91]. We find
CLR2s =
λ′332λ
′
323
2m2ν¯L
, (44)
which in the limit of decoupled left-handed Sparticles vanishes. Further, if we likewise choose
to neglect the box diagrams with left-handed Sparticle mediators, we find
CV LL1s =
λ′i23λ
′
j33λ
′
j23λ
′
i33
128pi2m2
b˜R
, (45)
−2CLR1s = −
λ′i23λ
′
j33λ
′
i32λ
′
j33
64pi2m2
b˜R
. (46)
The Wilson Coefficients of the rest of the operators do not receive any RPV contributions and
finally, we may write the Eqs. (7.25), (7.27) in [89] as:
∆MBs = 2
∣∣〈B0|H∆B=2eff |B¯0〉∣∣ = 2mBF 2B3 ∣∣P V LL1 CV LL1s + PLR1 CLR1s + PLR2 CLR2s ∣∣ , (47)
where
P V LL1 = 0.84, P
LR
1 = −1.62 and PLR2 = 2.46. (48)
Finally, using the experimental bounds [92]
∆M expBs = (1.1689± 0.0014)× 10−11 GeV (49)
and the SM prediction [93]
∆MSMBs = (1.2903± 0.1316)× 10−11 GeV, (50)
bounds are set for all contributing λ′ coupling combinations.
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3.6 Z → ` ¯`′ coupling
As investigated in [94] [95], the leptonic Z coupling is modified via one-loop diagrams. In
our setup, the Z boson decays to a tt¯ pair, which is in turn connected by a virtual b˜R and
eventually turns into a dilepton pair ` ¯`′. One defines the following ratios of vector and axial-
vector couplings v` and a`:
vτ
ve
= 1− 2δg
33
`L
1− 4s2W
, (51)
aτ
ae
= 1− 2δg33`L. (52)
In our context2 and keeping only the term proportional to the top Yukawa, the Eq. (30) in [95]
becomes:
δg33`L '
3y2t
32
√
2GFpi2
(λ′333)
2
m2
b˜R
(
log
(
Λ
mZ
)
− 0.612
)
. (53)
We denote the NP scale to be roughly Λ ' mb˜R ≈ 1 TeV.
A comparison with the measured values [96],[
vτ
ve
]
exp
= 0.959± 0.029 and
[
aτ
ae
]
exp
= 1.0019± 0.0015, (54)
yields bounds on the coupling λ′333.
We note here, that the W coupling is also modified, but the constraints given by LFU
violating τ decays on the same couplings are more stringent (see Sec. 3.7).
3.7 τ → `νν¯
The purely leptonic operators resulting from the trilinear couplings in (14), affect the decays
τ → eνν¯ and τ → µνν¯ at tree-level through the exchange of a third generation Slepton τ˜R [97].
Additionally, the RGE effects driven by the top Yukawa yt interactions contribute also to the
decay width ([95], via one-loop diagrams involving the leptoquark-like interactions in (15). The
NP effects are probed by the ratio:
Rτ/`τ =
B(τ → `νν¯)exp/B(τ → `νν¯)SM
B(µ→ eνν¯)exp/B(µ→ eνν¯)SM =
∑
ij
∣∣∣∣δi3δ`j + 12rij3 + (Cτ/`L )ij
∣∣∣∣2 , (55)
where
rij3 =
√
2
4GF
(λij3)
2
2m2τ˜R
(56)
and
(C
τ/`
L )ij =
y2t
32
√
2GFpi2
λ′333
mb˜R
[
3δijλ
′
`33 − 3(δljλ′i33 + δi3λ′`j3)
]
log
(
Λ
mZ
)
. (57)
2We match the effective Lagrangian of Eq. (19) with ours (16) by setting C1 =
1
2 , C3 = − 12 and
λei′iλ
u
j′j = λ
′
ijkλ
′
i′j′k.
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At leading order, Eq. (55) becomes:
Rτ/`τ ' 1 +
√
2
4GF
(λ323)
2
m2τ˜R
− 3y
2
t
16
√
2GFpi2
(λ′333)
2
m2
b˜R
log
(
Λ
mZ
)
. (58)
Even though the experimental bounds are very stringent [98], i.e.[
Rτ/µτ
]
exp
= 1.0022± 0.0030 and [Rτ/eτ ]exp = 1.0060± 0.0030, (59)
with apporpriate fine-tuning of the couplings and the masses, one could still recover a non-
negligible leptonic current interaction.
4 Numerical fit and discussion
After the decoupling of left-handed Sparticle related contributions, the low-energy observables
discussed above depend solely on the RPV couplings λ323, λ
′
223, λ
′
232, λ
′
233, λ
′
323, λ
′
332 and λ
′
333
and on the masses mb˜R and mτ˜R .
We have performed a combined fit of these parameters using as input the experimental
data reported in Sec. 3 and various SM parameters [96]. The following, conservative, lower
bounds for the right-handed Sparticles are imposed: mb˜R > 800 GeV and mτ˜R > 400 GeV [96].
We have also assumed that the O(1) parameters cijk (or c′ijk), which together with the flavour
suppression factors constitute the RPV couplings, are restricted by the unitarity bounds of√
4pi. For simplicity, we have assumed Gaussian errors for all the observables. The preferred
region of the model parameters x has been determined minimizing the χ2 distribution:
χ2(x) =
∑
i
(Oi(x)− µi
σi
)2
, (60)
where µi and σi are the central values and the 1σ uncertainties of the measured values [Oi]exp,
respectively.
The best-fit points for the cijk (or c
′
ijk) parameters, as well as the flavour parametric scaling
and the total value of the relevant RPV couplings are listed in the following Table:
RPV couplings cijk (or c
′
ijk) best-fit point Parametric Scaling Total value
λ323 4 q 0.12
λ′223 -0.2 q` -0.006
λ′232 -0.1 q` -0.003
λ′233 0.1 ` 0.1
λ′323 4 q 0.12
λ′332 0.1 q 0.003
λ′333 0.66 1 0.66
Table 1: The best-fit points along with the flavour suppression factors for each of the relevant
RPV couplings are reported.
The best-fit points for the masses are mb˜R = 900 GeV and mτ˜R = 9 TeV.
The improvement of the best-fit point of the total χ2 with respect to the SM limit is
χ2(xSM)− χ2(xBF) = 9.43. In Table 2, we show the contributions of the individual summands
in the χ2.
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Observables χ2i (xSM) χ
2
i (xBF)
rD(∗) 13.71 5.27
δC9 10.24 8.09
RB→τ ν¯ 0.34 0.86
∆MBs 2.34 0.12
vτ
ve
1.99 1.24
aτ
ae
1.60 3.82
R
τ/`
τ 0.53 0.86
Table 2: The individual χ2 components evaluated at the best-fit point and compared with the
respective SM limits.
In Fig. 2 we show the 68% CL and 95% CL regions of the rD(∗) and δC9 observables in the
(λ′333, λ
′
323), (λ
′
333,mb˜R), (λ
′
323,mb˜R) and (λ
′
333,mτ˜R) planes, after having fixed the rest of the
parameters according to Table 1. The constraints of the other, relevant low-energy observables
are presented as exclusion contours at 2σ. The degree of consistency of the best fit-region with
the anomalies is illustrated in Fig. 3, where we show the values of the two observables rD(∗)
and δC9 within the 1σ preferred region (∆χ
2 < 2.3).
First and foremost, we observe that our choice of flavor symmetry points towards an allevi-
ation of tensions in the charged-current anomalies similar to the results in [65]3. As a matter of
fact, it was commonly expected that new phenomena would not show up in tree-level processes,
where the effect has to be comparable with the SM value, but rather in FCNC transitions
where one has to simply compete against a SM loop-suppressed contribution. In this regard,
it is interesting that the flavour structure favors an improvement of the tree-level anomalies
rather than the loop-induced ones. Nevertheless, our model prediction can only exhibit a 1σ
agreement with the present central value of RD(∗) in case of a more than 2σ reduction of the
ratio aτ/ae. This is, indeed, the main obstacle for obtaining a larger λ
′
333, required for a perfect
fit. Other bounds, including those from the Bs− B¯s mixing and the B → τ ν¯ decays, are found
to be less significant.
Regarding RK(∗) , most of the parameter space is excluded due to the bounds from the R
τ/µ
τ
observable . In principle, an appropriate canceling of the second and the third term in (58)
can lift this constraint, but considering the previous bounds on λ′333, we can achieve at most a
∼ 10% cancellation at 2σ deviation from the central value. This still allows for a smaller mass
for mτ˜R and as a result, a slightly better fit for δC9.
3We confirm that our fit is at least as good as the one intended to solve the charged-current anomalies
with generic RPV couplings up to the small term proportional to λ′313. The bounds from the Z coupling
modification taken in the current paper are also more stringent that the ones in [65], because we constraint
directly the axial-vector coupling a`, instead of the left-handed coupling g
33
`L. Moreover, there is an additional
factor of 1/2 suppressing the NP contribution, which is not taken into account in Eq. (9) in [65], as opposed to
Eq. (4) in [63].
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Figure 2: RPV parameter space accommodating rD(∗) (green) and δC9 (yellow) at 1σ, 2σ
and 3σ around the best-fit point. The constraints originating from the following observables:
RB→K(∗)νν¯ (blue), RB→τ ν¯ (red), R
τ/`
τ : (purple), aτae (black) are shown. The parameter space
above the contours is excluded at 2σ.
Figure 3: Model prediction in the δC9 vs. rD(∗) plane for the ∆χ
2 < 2.3 (1σ) region around the
best-fit point. The 1σ experimental data are shown by the cross. The SM prediction coincides
with the origin of the axes (top-left).
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In total, we see that, by involving the leptonic RPV interactions, we can ‘cure’ approximately
30% of the b→ s`+`− anomalies, when all other constraints are allowed to deviate by maximum
2σ from their experimental average. This is still an improvement over previous attempts to
accommodate both anomalies within the RPV framework. Please note, that the fit yields
very small λ′233 and λ
′
233 couplings and thus both the second term in (32) and the NP muonic
contribution in the denominator of (25) are negligible. This implies that there is no clash
between the anomalies themselves, but rather the performance of the fit is limited by the other
low-energy constraints.
On a final note, we would like to briefly comment on three, relevant issues. First, it is well-
known, that RPV interactions that attempt to address LFU violating effects can also generate
neutrino masses at one-loop level [83],
∆Mλ
′
ν,ij '
3
8pi2
m2b(Ab − µ tan β)
m2
b˜R
λ′i33λ
′
j33. (61)
The typical way-out is to postulate a direct cancellation between the trilinear coupling Ab and
the term µ tan β, which is though hard to justify theoretically. Other unrelated NP contributions
to neutrino masses, e.g. the standard see-saw mechanism with heavy right-handed neutrinos,
could be the cause of the suppression. We stress, here that the possibility of generating a
canceling due to loop effects induced by the leptonic trilinear RPV interactions is ruled out due
to the direct, tree-level bounds from τ decays on the λ couplings.
The next comment refers to the resulting SUSY mass spectrum. According to the fit,
the mass of the right-handed superpartners spans the 1 - 10 TeV range, with the τ˜R being
significantly heavier than the b˜R. In fact, only the mass scale of b˜R appears to be within the
reach of high-pT searches in the near future. An even more striking assumption of our setup
is the complete decoupling of the left-handed superparters. A theoretical motivation for this
scenario lies in the theory of gauge-mediated supersymmetry breaking. As it turns out, LHC
observable Squarks can only contribute enough quantum corrections to lift the Higgs mass if
the left-handed SU(2)L doublets are much heavier than the singlets [99].
Last but not least, as shown in [43], flavour symmetries similar to the one employed here,
when gauged and broken at the TeV scale, can provide a natural mechanism for generating
additional LFU violating contributions to b → s`+`− transitions. A further discussion of this
scenario, that would require an enlargement of the field content of the theory, is beyond the
scope of this paper.
5 Conclusions
In this paper we have studied the consistency of the RD(∗) and RK(∗) anomalies with all relevant
low-energy observables, in the context of RPV interactions controlled by a Gf = U(2)q ×U(2)`
flavour symmetry. This particular scenario favors a viable solution of the charged-current
anomaly, at least as good as the generic, effective RPV-SUSY scenario. However, as we have
shown, a perfect fit of the anomalous RD(∗) observable cannot be achieved without a significant
modification of the Z boson coupling, occurring at one-loop level. What is more, upon inclu-
sion of the leptonic, trilinear RPV interactions, we were able to generate, simultaneously, a
contribution to the b→ s`+`− transitions, which is also limited by the same Z boson coupling
bounds and the tree-level, Lepton Flavor violating τ decays. All in all, the flavour symmetry
16
for natural values of the free parameters, as summarised in Table 1, can provide an explanation
of the strength of the RPV interactions, required for a better fit of the B-physics anomalies.
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